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Context
 Growing need of radiation hard CMOS Image sensors (CIS) for high TID:
• Experimental reactor (ITER,…)
• Nuclear waste depository
• Next generation of particles physics facilities (HL-LHC, CEA LMJ,…)
• Space exploration (Jupiter, Sun … and further?)
 These CIS are extensively studied, in order to reduce the post-irradiation 
degradation
 In that context, when annealing is considered: supposed to improve the CIS
 However, recently reverse annealing reported for very high TID 
 The study of the annealing is essential, especially since it will inevitably
happen over time
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CMOS Image Sensor : Basic concepts
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1. Photo-generated electrons
2. Interface traps
• If in the depletion region, it is acting like
generation centers (dark electrons)
3. TID irradiation creates 2 types of defect:
• Interface traps, hence more generation centers
• Oxide traps, hence extending the depletion zone
4. Radiation hardening
• Remove as much as possible interfaces in the
depletion region
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CMOS Image Sensor : Radiation Hardening
Radiation Hardening by design:
• Move away the STI;
• Replace the PMD by a gate
oxide (cleaner);
• Use VGate to control the
border of the depletion
zone
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CMOS Image Sensor: The 2 designs
Gated photodiode : Ref PD Peripheral Drain photodiode : PDPD
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Irradiation and annealing
Irradiation:
At CEA, on an ARACOR irradiator
X-ray:
50kGy(SiO2), 300 kGy (SiO2) , 2MGy(SiO2)
Bias: acquiring images
Characterized before the irradation and in the 
week following it, ambiant T°
Annealing : 
At ISAE-SUPAERO, clean room
Isochronal annealing:
• 30 min steps
• 50, 100, 125, 150, 175, 200, 225, 250 and 300°C
Unbiased
Characterized between each annealing steps, T=22.5°C
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Dark current : Pre-irradiation
p- region is depleted but not the p region region depl tionnversiGIL due to high lectric field
Dark current as a function of Gate Voltage Ref PD:
PDPD:
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Dark current : Post-irradiation
@ 50 kGy(SiO2)
GIL-TAT
Gate-induced leakage trap assisted
tunneling (GIL-TAT)
p zone depletion- zone inversi
Dark current as a function of Gate Voltage
GIL-TAT
Ref PD:
PDPD:
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Annealing : MDCA
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Irradiation:
• x100 during irradiation to 
2MGy(SiO2)
Annealing:
• Degrades up to 150°C: 
twice the degradation
• Heals almost completly at
300°C
Minimum dark current achievable (MDCA) 
during irradiation and annealing
10RADECS 2019Annealing Effects on Radiation Hardened CMOS Image Sensors Exposed to Ultra High Total Ionizing Doses H. Dewitte 17/09/2019 ---
Annealing : Dark current curves
Annealing of the dark current after 300kGy(SiO2) irradiation
Ref PD
GIL-TAT
Vdep
Up to 150°C:
• The Vdep is annealing faster than the 
GIL-TAT
• It pushes the MDCA at lower gate
voltage with a higher GIL-TAT effect not 
yet annealed
MDCA Increases
After 150°C:
• The Vdep is almost fully healed
• MDCA follows the GIL-TAT annealing
MDCA Decreases
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Annealing : Dark current parameters
Annealing of the dark current parameters
Up to 150°C:
• The Vdep is annealing faster than the 
GIL-TAT
• It pushes the MDCA at lower gate
voltage with a higher GIL-TAT effect not 
yet annealed
MDCA Increases
After 150°C:
• The Vdep is almost fully healed
• MDCA follows the GIL-TAT annealing
MDCA Decreases
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Drain designs:
• Suppress the reverse annealing
• Induce a higher degradation after
irradiation: limitation on Vgate for a
correct operation
• If tuning the drain sizes, get higher
Vgate voltage
Minimum dark current achievable (MDCA) 
during irradiation and annealing
Same trends for all the doses, bias
conditions and annealing steps or 
duration
Annealing behavior driven by the 
design
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Annealing: 300°C
300°C annealing:
• Almost completely healed
• Independant of the:
• Designs 
• Doses
• Previous degradation
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Conclusion
• Annealing can degrade the system (as badly as the irradiation itself)
• This reverse annealing is not only caused by new defects, but arises 
from non-uniformities of the annealing regarding the parameters
• A 300°C unbiased annealing is always efficient to heal the system
• Gated photodiodes with drain designs are promising, as it leads to: 
• Less reverse annealing
• Better worst-case minimum dark current
• BUT still margin for amelioration
• Unexpected behavior in annealing also observed with readout
electronics (see paper)
Annealing cannot be neglected when considering high-dose applications
Institut Supérieur de l’Aéronautique et de 
l’Espace10, avenue Édouard-Belin – BP 54032
31055 Toulouse Cedex 4 – France
T   +33 5 61 33 80 80
www.isae-supaero.fr
Thank you for your attention! 
Contact: hugo.dewitte@isae-supaero.fr
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Back up slide: 3T CMOS Image sensor
e
e
e
Reset Integration Read
Integration time (s)
V
o
l
t
a
g
e
 
d
i
f
f
e
r
e
n
c
e
o
n
 
V
R
S
T
 
(
V
)
 	
   
 





e
e
e Photo-generated electron e « Dark » electron
17RADECS 2019Annealing Effects on Radiation Hardened CMOS Image Sensors Exposed to Ultra High Total Ionizing Doses H. Dewitte 17/09/2019 ---
50 100 150 200 250 300
Annealing Temperature (°C)
50
100
150
200
250
0 1000 2000
Dose (kGy)
50
100
150
200
250
M
D
C
A
(
f
A
)
Ref PD
PDPD
2 Larges Drains
Minimum dark current achievable (MDCA) 
during irradiation and annealing
Back up slide: Annealing: 300°C
CMOS Image sensor irradiated @ 2MGy(SiO2) then annealed at 300°C
Ref PDPDPD
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Back up slide: 3T CMOS Image Sensor: The 2 designs
Gated photodiode Drain photodiode
